Introduction: This study aimed to discuss about neuroimmune-pathophysiology of polycystic ovary syndrome (PCOS). Nerve growth factor (NGF) as modulator of neuro-endocrine-immune (NEI) system plays a critical role in tissue survival and homeostasis maintenance. It is a strong marker for sympathetic nerve activity. Women with PCO have enhanced ovarian NGF production. Over the past few decades, PCOS has been discussed as a low grade chronic inflammatory disease. In this study, we investigated the neuromodulator role of serum NGF and inflammatory cytokines (IL-1α, β, 17A and TNF-α) in women with PCOS. Material and Methods: 171 patients were investigated in two groups: study (n = 85 PCO) and control (n = 86). Serum levels of NGF-α and interleukins IL-1α, IL-1β, IL-17A and TNFα were determined in both groups by ELISA kit. Results: Data of this study showed that the level of NGF-α and IL-17A in serum of PCO women were lower than control group (p < 0.001). The serum levels of IL-1α, IL-1β were higher than control group in PCO women (p < 0.001). Conclusion: Probably inflammatory background in PCOS is the main cause of increased serum levels of IL-1α, IL-1β. Reduction of IL-17A and NGF in serum of PCO patients might be under the direct influence of the hyperactivity of sympathetic nervous system (SNS).
Introduction

Polycystic Ovary Syndrome (PCOS)
PCOS is a complex, multifaceted, heterogeneous disorder, affecting 4% to 18% of reproductive-aged women and is associated with reproductive, metabolic and psychological dysfunction [1] . A 2004 consensus conference added another diagnostic criterion, multicystic ovarian morphology (ultrasonographic) and required two of the three criteria to support the diagnosis [2] . The precise etiology of the disease is so far still unknown, but there are indications that PCOS is associated with hyperactivity in the sympathetic nervous system [3] . Findings that support the involvement of the sympathetic nervous system in the pathophysiology of PCOS are that the catecholaminergic nerve fibers in the polycystic ovaries of women with PCOS are denser than in normal ovaries [4] [5] and the metabolism of norepinephrine (N) in adolescents suffering from the disease is impaired [6] . Many of the common features of PCOS, such as central obesity, hyperinsulinaemia and obstructive sleep apnoea (OSA) are associated with chronic sympathetic overactivity, suggesting that sympathoexcitation may be involved in the pathogenesis of this condition. Nerve growth factor (NGF) is a strong marker for sympathetic nerve activity and recently it is demonstrated that NGF production is higher in women with ovarian cysts [7] . Rodent models of polycystic ovaries have shown that ovarian sympathetic outflow may be increased, accompanied by elevated intra-ovarian synthesis of NGF which may be involved in initiation of ovarian pathology. The nervous and immune systems are involved in adapting the body to the environment and in maintaining homeostasis [8] . Normal reproductive functioning in healthy, fertile women exists due to the presence of unique immunologic barriers, and also due to harmonic functioning of immunoregulatory by neuro-immunologic mechanisms.
Chronic Low-Grade Subclinical Inflammation in Ovary
In recent decades, PCOS is discussed as a chronic inflammatory disease [9] . Low-grade chronic inflammation seems to play an essential role in insulin resistance and its metabolic consequences [10] and may also play a role in the pathogenesis of PCOS [11] . In female reproductive function neuropeptides, growth factors and cytokines are expressed in reproductive organs and tissues, where they interact with afferent endocrine messages to modulate cell proliferation and differentiation, local hormone secretion and vascular function. These events regulate complex processes such as gonadotropin plasticity, ovulation, implantation and parturition [12] . During female reproductive life, the role of the cytokine cascade and regulation of the expression of cytokine genes in the processes of fertilization is very complex. Studies show Low-grade chronic inflammation is reflected by minor but significant increases in circulating levels of known inflammatory and acute phase proteins such as interleukin IL-1, IL-6, tumor necrosis factor (TNF) and serum C-reactive protein (CRP). Cytokines and other inflammatory mediators can signal the brain, and the importance of this neuroimmune-endocrine cross-talk becomes evident in the case of autoimmune and inflammatory diseases. One of the most prominent mediators of inflammation is the interleukin-1 (IL-1) family that consists of three different cytokines, the pro inflammatory cytokines IL-1α, IL-1β and the physiological antagonist IL-1 receptor antagonist (IL-1RA) [13] . IL-1 is a multifunctional cytokine and it has highly inflammatory features in reproductive biology and is believed to affect the processes of fertilization and implantation. Smagin et al. in 1996 showed that noradrenergic terminals in the hypothalamus play a role in the IL-l-induced activation of the HPA axis [14] . It is possible that noradrenergic terminals in the hypothalamus play a role in the IL-l-induced activation of the HPA axis [15] . Kolbus et al., in 2007 have shown that a common polymorphism of the IL-1α gene is associated with the presence of PCOS and with clinical parameters of women affected by this condition [16] . Administration of IL-1β to humans initiates a cascade of metabolic, hematologic, and cardiovascular events. Cardiovascular responses that occur early after IL-1β administration in humans are most likely the result of adrenergic stimulation possibly through its effect on the central nervous system [17] . Atsumi et al., in 2014 have redefined inflammation as local activation of the inflammation amplifier, which causes an accumulation of various immune cells followed by deregulation of local homeostasis. The inflammation amplifier is activated by the stimulation of cytokines, such as TNF-α, IL-17, and noradrenaline, resulting in the subsequent expression of various target genes for chemokine [18] .
Nerve Growth Factor (NGF) as Modulator of Neuro-Endocrine-Immune (NEI) System
NGF is the best known neurotrophin, which operates through multiple pathways to regulate physiological homeostasis. In fact NGF is involved in the modulation of the neuro-endocrine-immune (NEI) system and has an important role in maintaining homeostasis of these systems. NGF is a strong marker for sympathetic nerve ac-tivity and recently it was demonstrated that women with PCOS has enhanced ovarian NGF production [7] .
Ovary & NGF
NGF has important functions in the maintenance of viability and proliferation of neuronal and non-neuronal cells, such as certain ovarian cells. Expression of NGF and its receptors is localized in ovarian cells (oocyte, granulosa, theca and interstitial cells) from several species, which suggests that NGF and its receptors may regulate some ovarian functions such as follicular survival or development [8] . Under normal conditions, NGF acting via high-affinity tyrosine receptor kinase A (trk A) receptors facilitates the ovulatory process [19] . The ovary is no exception because the development of follicular cysts in rats treated with estradiol valerate (EV) is associated with sustained overproduction of NGF in the gland [20] . Additional studies showed that a selective increase in intra-ovarian NGF content via grafting of cells genetically engineered to produce NGF initiated several of the structural and functional alterations associated with the development of follicular cysts in the rat ovary, including appearance of pre-cystic structures, an increase in the number of apoptotic follicles, and hyperandrogenemia [21] . Thus, ovarian NGF may not only contribute to regulating normal follicle growth, but if produced at persistently elevated levels, it may also initiate ovarian pathology. A potential contribution of an excess of intraovarian NGF to human PCO can be inferred from the findings of sympathetic hyper-innervation of the ovary from PCOS patients [22] [23] . To determine whether a chronic excess of endogenous NGF production is capable of causing ovarian pathology, Gore-Langton et al. in 1994 generated transgenic mice carrying the NGF gene under the control of the 17-α hydroxylase/C17-20 lyase (17-α OH) promoter. Because this gene is specifically expressed in androgen-producing cells [5] , these animals show selective over expression of NGF in thecal/interstitial cells of the ovary, the predominant site of NGF production in rodents [24] . The results show that the ovaries of NGF-overexpressing transgenic mice have an accumulation of antral follicles, which appear to be arrested at a medium-intermediate stage. This developmental arrest is accompanied by enhanced granulosa cell apoptosis, increased androgen production in response to increased FSH-like activity [pregnant mare serum gonadotropin (PMSG)] and a heightened prevalence of follicular cysts in response to a sustained elevation of serum LH-like levels [human chorionic gonadotropin (hCG)]. In keeping with these findings, NGF overproducers have reduced fertility and shortened reproductive life span [25] . Dissen et al., in 2009 showed that follicular fluid, collected from PCOS patients undergoing in vitro fertilization, is almost a 2-fold increase in mean NGF levels with respect to follicular fluid obtained from non-PCOS ovaries and they showed that NGF of granulosa cells in women with PCOS is more than cells from non-PCOS ovaries. These results suggest that overproduction of ovarian NGF is a component of PCO morphology in both humans and rodents [7] . Inflammatory cytokines such as IL-1β, TNF α and IL-6 are able to modify the basal production of NGF in the organism and induce the synthesis of NGF in a variety of cell types and tissues. Since the endogenous levels of NGF are substantially increased in the inflamed tissues, it is not surprising that during the inflammatory process the innervation of these tissues is not static. Inflammation induces marked alterations in nerve fiber distribution and influences the phenotype of innervating neurons inducing the expression of neurotransmitters, neuromodulators, ion channels, G protein-coupled receptors and growth-associated structural proteins [26] .
NGF & Anti-Inflammatory Action
From experimental and human data it can be concluded that NGF in parallel with the sympathetic nervous system can maintain immune cells in a state of standby to potential danger signals. NGF can enhance mediator release, like norepinephrine, cytokine production and activates functions of innate immune cells. NGF involves in multiple mechanisms regulating the immune response. Interestingly, studies on a small group of patients with cardiovascular disease or the metabolic syndrome (MetSyn) [17] have reported a systemic NGF deficit. NGF possibly links to the MetSyn and other inflammatory-related diseases [27] . The aim of the present study is to investigate whether the serum level of NGF is linked to cytokines in low-grade chronic inflammation in polycystic ovary syndrome.
Materials & Methods
Participants
Totally 85 PCO patients (case group) and 86 non PCO infertile women in control group were selected randomly [2] . The study objectives were explained to the patients before they entered the study, and an informed consent was obtained from all.
All women aged 20 -40 years and had a BMI under 28. Demographic questionnaire was used in this study.
Clinical and Laboratory Investigation
Blood sample was obtained from all participants before 8 AM. Serum samples for all patients were obtained by centrifugation at 3000 rpm for 10 min, then liquated and stored at −80˚C until analysis. Concentration of NGF (ELISA kit, Cousabio from USA) and interleukins IL-1α, IL-1β, IL-17 and tumor necrosis factor (TNFα) (ELISA kit, Monobind from Austria) were measured in serum. This study was approved in ethical committee of Tehran University of Medical Sciences.
Statistical Analysis
The quantitative variables were presented with mean and standard deviation. Serum levels of NGF and interleukins IL-1α, IL-1β, IL-17 and tumor necrosis factor (TNFα) were compared between study groups with t test. The qualitative variables were presented with count and percentage and were compared between study groups with chi square test. According to departure from normal distribution, the mean, standard error of the mean and median were used for presenting concentrations of inflammatory cytokines, and for comparing of those variables between two study groups, Mann-Whitney nonparametric test was used. Spearman rank correlation coefficient was used for assessing inter-correlation between cytokines. Multinomial linear regression model was used to delete the effect of confounding factors. In this analysis age (year), BMI (kg/m 2 ), occupation, menstrual status, frequency of dysmenorrhea, hirsutism and inflammatory cytokines were included in the model as confounders. Suffering from PCOS was the independent variable. Analysis was done in IBM SPSS 19 (SPSS Inc, Chicago Ill). P value less than 0.05 was considered as significant level.
Results
Demographic characteristics of two groups are presented in Table 1 . The symptoms of PCOS were significantly higher in PCOS patients ( Table 2 ). The symptoms include irregular cycles (menstrual state) and hirsutism was significant between the two groups. Levels of circulating NGF in PCO patients and control subjects are displayed in Figure 1 . Serum level of NGFα in PCOS patient was significantly lower than control group (p < 0.001). Concentration of IL17 in PCOS group was significantly lower than control group (p < 0.001). Median of IL-17 in PCOS group was 3.50 (pg/ml) and in control group was 16.30 (pg/ml). Both IL-1α (p < 0.001) and IL1β (p = 0.017) serum levels were significantly higher in PCOS than control group (Figure 2) . Serum concentration of TNFα had not difference between two groups (p = 0.119). Regression analysis showed that after adjusting for age, BMI, occupation status and PCOS symptoms inflammatory cytokines NGFα still were lower in PCOS patients in comparison to control group ( Table 3) . According to regression analysis IL1β had direct and TNFα had indirect correlation with NGFα. 
Discussion
It is well known that one of the major neurotransmitters that control LH secretion is noradrenaline (NA). As women with PCOS have significantly higher sympathetic nerve activity than their matched controls, the in-creased sympathetic outflow may be related to hormonal and metabolic features that may be relevant to the pathophysiology of the syndrome [21] . Evidence from studies on women with PCO and on an experimental rat PCO model suggests that the sympathetic regulatory drive to the ovary may be unbalanced. Most reports support the theory that increased sympathetic activity contributes to the development and maintenance of PCOS. The results of our study in 2011 showed that antagonized the hyperactivity of the sympathetic nervous system results in the treatment of PCO modeling in rat [28] . Sympathetic hyperactivity is a hallmark of NGF over expression in peripheral tissues [29] , including the ovary [7] [8]. Furthermore, sympathetic hyperactivity in PCOS has been suggested by indirect methods [30] and direct measurement of sympathetic nerve activity [31] . The development and function of ovarian sympathetic innervation depend on the ability of the ovaries to produce NGF [3] . Experimental study of Schmidt et al. in 2000 demonstrated that concentration of ovarian p75NTR mRNA and protein increase at both 30 and 60 days after EV injection. Elevated levels of NGF have been found to induce morphological and neurochemical alterations in sympathetic neurons, including axonal sprouting and increased levels of p75NTR mRNA [32] . Injection of EV resulted in higher intra-ovarian synthesis of NGF and p75NTR after 30 days, an effect that was still measurable after 60 days, the last time-point checked. This time period coincided with the time necessary for the sympathetic tone in the ovary to increase, which precedes the appearance of follicular cysts [9] . It is known that p75NTR aids the development of specific populations of sympathetic neurons [33] and that this receptor is responsible for the responsiveness of adult sympathetic neurons to target-derived NGF [34] . It is therefore possible that the activation of p75NTR by NGF is part of an important mechanism in the pathogenesis of PCO. Dissen et al. in 2009 collected granulosa cells and follicular fluid from follicular aspirates of women with and without PCOS undergoing routine in vitro fertilization [7] . NGF levels were increased in follicular fluid (twofold) and granulosa cell conditioned medium (sixfold), in PCOS women compared with controls. The authors went on to selectively over express NGF in ovarian thecal/interstitial cells by generating transgenic mice carrying the NGF gene under the control of the 17-α hydroxylase/C17-20 lyase promoter. Transgenic mice had a greater density of tyrosine hydroxylase-positive nerve fibers in the ovary, reflecting sympathetic innervation, increased androgen production in response to FSH-like activity and a higher prevalence of follicular cysts following sustained increases in LH [35] . The higher sympathetic neural density supports the findings of Heider et al., who found a higher density of catecholaminergic fibers in human polycystic ovaries compared with controls. These studies suggest that sympathetic overactivity and ovarian NGF excess play an important role in PCO morphology [5] [36] . In 2000 Stener-Victorin et al., found that repeated EA treatments in the steroid-induced rat PCO model used in this study significantly reduced increased concentrations of ovarian NGF and of median eminence (ME) corticotropin-releasing factor (CRF) [37] , which indicates a functional interaction between activity in the nervous and endocrine systems. These findings show that repeated EA treatments in the steroid-induced rat PCO model can be firstly resulted down-regulation of NGF receptors (increased concentrations of ovarian NGF) and then reduced NGF [38] . The present study showed the significant reduction of NGF in serum of patients with PCO. Reduced plasma levels of NGF and BDNF have been associated with acute coronary syndromes and metabolic syndromes [36] . Peripheral cardiovascular risk factors such as abdominal obesity [39] , dyslipidemia [40] , glucose intolerance [41] , and insulin resistance [42] , known to be associated with PCOS, may per se provoke changes in sympathetic nerve activity. Now the question is whether decreased serum NGF can be considered characteristic of PCOS? NGF is a signaling and critical molecule for the survival and maintenance of sympathetic nervous system. On the other hand, inflammation is now considered to be an important feature of obesity, cardiovascular disease and metabolic syndrome (MetSyn). Chaldakov and coworkers in 2004 have hypothesized that a reduction in NT production could be implicated in the pathogenesis of obesity and related comorbidities, and reported that hyponeurotrophinemia was present in a group of patients with the MetSyn or cardiovascular disease and not in healthy subjects [17] [43] [44] . However, serum hyponeurotrophinemia in PCO patients can be following reasons: 1) PCOS like, MetSyn or cardiovascular disease occur by activation of hypothalamo-pituitary-adrenal (HPA) axis and sympathetic nervous system. 2) IL-1 can also modify noradrenaline (NA) turnover. Peripheral administration of IL-1 is known to activate the HPA axis and brain noradrenergic systems [14] . The effects of IL-1β, an endogenous pyrogen, were investigated on both the central and peripheral endocrine, sympathetic, and cardiovascular systems. Administration of IL-1β to humans initiates a cascade of metabolic, hematologic, and cardiovascular events. Cardiovascular responses that occur early after IL-1β administration in humans are most likely the result of adrenergic stimulation possibly through its effect on the central nervous system [45] . 3) Cardiometabolic diseases (atherosclerosis, obesity, type 2 diabetes, metabolic syndrome, and type3 diabetes) [46] are all risk factors in PCOS. 4) Neurotrophin re-lease and thus receptor activation, varies among somatic tissues and physiological state. Thus characteristic electrical properties of sympathetic neurons can regulate the functional output of the sympathetic nervous system [47] . Therefore the neurotrophic factors are involved in the pathogenesis of diabetic polyneuropathy [48] . 5) MetSyn and obesity are associated with the chronic low-grade inflammation [49] ; serum NT levels (neurotrophinemia) could play an important role in the ethiopathogenic mechanisms in PCOS. 6) The higher sympathetic tone is confirmed within PCOS, Chronic inflammatory and/or psychoemotional distress provoke a series of neuroimmunoendocrine interactions such as increased tissue and plasma levels of proinflammatory cytokines and neurotrophins, vegetodystonia, disbalance of neurotransmitters, hormones and immunity markers, activation of the HPA axis, insulin resistance, and atherosclerosis. Our works in 2011 confirmed overactivity in sympathetic nervous system in rat modeling of PCOS [28] [50] and in women with PCO [51] . In the present study serum IL1α and β increased which confirms other researches. The reduction of IL17α can be reason of NA reaction in PCO women. The regression analysis IL-1β had direct correlation with NGFα in PCO women. The reduction of NGF α in serum of these patients can be reason of psychoemotional distress in PCO women. Acute stress results in an increase in NGF serum levels, while repeated stress paradigm might result in a long term down-regulation of NGF levels [52] . Chronic stress, chronic HPA axis hyperactivity in pathological conditions which might result in a long term down regulation in NGF synthesis [53] . Furthermore, it is not clear whether changes in serum neurotrophins levels result from decreased/increased levels of neurotrophins in the brain, peripheral tissues, or both; however, a tendency toward a correlation between serum and CSF levels suggests that the two compartments might communicate [54] . Furthermore, low NGF serum levels might be due to a reduced synthesis and/or release of NGF or to an enhanced uptake in the NGF-responsive cells [55] . NGF and NA in the ovaries of women with PCOS are high. On the other hand women with PCOS exhibit significantly more emotional distress compared with women without PCOS [56] . However, distress scores mostly remain within the normal range. The cause of emotional distress could only partly be explained by methodological or clinical features [57] .
Conclusion
Hyponeurotrophinemia set point in women with PCOS could reflect two aspects: 1) deficit of neuronal stress-adaptation in PCO patients and 2) high uptake of NGF by the ovaries of PCO women which can be caused by an overactive sympathetic nervous system in ovary. These considerations could hypothetically account for lower baseline NGF levels in serum of these patients compared to healthy controls.
